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Title of the Invention: CATHODE USING CARBON NANOTUBE 



[ABSTRACT] 

[Purpose] To obtain a cathode having excellent resolving power as the probe 
of an electron microscope and having high electron discharge efficiency by finely 
closing the tip part of a carbon nanotube in a conical shape and providing a 
voltage terminal at the other end of the nanotube. 

[Constitution] A carbon nanotube cathode 12 used as the probe of an 
electron microscope has a thick part with a diameter of 30 mm and a tip part with 
a diameter of 2 mm and a voltage terminal is provided at the other end of the 
cathode 12. When a sample 11 and the cathode 12 are allowed to sufficiently 
approach each other and voltage is applied to the cathode 12, an electron is 
discharged from the tip part of the cathode 12 and a tunnel current flows across 
the cathode 12 and the sample 11. X- and Y- control shafts 14, 15 are moved 
using a piezoelectric element to scan the sample 11 by the cathode 12. At this 
time, the voltage of the piezoelectric element driving a Zrcontrol shaft 16 is 
controlled so as to make the tunnel current constant. The fluctuations of the 
voltage of the piezoelectric element driving the Z-control shaft 16 reflect the 
surface shape of the sample with extremely high accuracy. The fluctuations of 
this voltage are plotted as a position function to accurately detect the surface 
shape of the sample 11. 

} [CLAIMS] 

[Claim 1] Cathode using carbon nanotube characterized in that a tip end 
portion of carbon nanotube is closed to be thin in a shape of cone and a voltage 
terminal is provided at other end. ^ 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the microscopic used for 

scanning tunneling electron microscope and transistor, etc. 

[0002] 

[Description of the Prior Art] The scanning tunneling electron microscope 
described in the 49th volume, No. 1, page 57 of Physical Revue Letter Magazine 
(Scanning Tunneling Microscopy; hereinafter described as STM) is the 
observation means with a very high resolution, and observation of atomic level 
becomes possible by it. Fig.2 is the outline schematic diagram of STM. 
When the needle 22 charged negatively approaches to the sample 21 with electro- 
conductivity below a certain distance, the tunneling current changes exponentially 
for the distance between needle 22 and sample 21, and then is very sensitive for 
said distance. The control axes 23, 24, 25 of X, Y, Z direction, respectively, are 
attached to the needle 22, and each control axis is driven by piezoelectric device. 
The piezoelectric device is a component that changes its length with an voltage, 
and the positions of X, Y, Z directions of the needle 22 can be controlled by 
applying the voltage to the piezoelectric device. In order to observe, it is 
designed for a fixed current so as to flow between the sample 21 and needle 22 
under a fixed voltage, and the needle 22 is scanned by applying the voltage to X 
and Y direction control axes. At this time, since the distance between the 
sample 21 and the needle 22 tends to change according to the irregularity of the 
surface of sample 21, the tunneling current tends to change. However, the 
voltage is applied to the piezoelectric device driving the Z direction control axis 25 
to make said tunneling current constant, so that the distance between said sample 
21 and said needle 22 is held to be constant. If the voltage applied to the 
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piezoelectric device driving said Z direction control axis 25 is monitored as a 
function of location, it is possible to know the shape of the surface of sample 21. 
The STM is the observation means of very high sensitivity because the tunneling 
current is very sensitive to the distance between the sample 21 and the needle 22, 
and the control of the location with an Angstrom unit becomes possible by using 
of the piezoelectric device. 
[0003] 

[Problems to be Solved by the Invention] In order to raise the resolution of 
STM and to obtain a clearer image, it is desirable for the tip end of needle 22 to be 
sharp as much as possible. The needle 22 of STM is obtained by shaving metal 
such as alloy of platinum-iridium and tungsten using electrolytic polishing. 
However, since the diameter of the tip end is about 50nm in minimum, there is the 
fault that it was too large compared with observed objects such as an atom. 
The very minute electron source (cathode) of atomic level was not conventionally 
realized. The present invention aims at providing a very minute cathode which 
can raise up the conventional performance greatly by using for the needle of said 
STM etc. 
[0004] 

[Means for Solving the Problem] This invention is the cathode using carbon 
nanotube characterized in that the tip end portion of carbon nanotube is closed to 
be thin in a shape of cone and the voltage terminal is provided at other end. 
[0005] 

[Function] Carbon nanotube is the microscopic cap illary of the graphite of 
nanometer size as described in the 27th Volume of Solid State Physics, No. 6, page 
441, and it is a conductor with the property of metal or semiconductor . 
Moreover, if a part of six-membered ring of carbon which constitutes a carbon 
nanotube is replaced by five-membered ring, the tip end portion of carbon 
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nanotube become close to be thin as the shape of cone. The diameter of the tip 
end is 1 nm to several nm, and the tip end portion can be made very thin. 
Therefore, the very minute cathode can be obtained by closing the tip end of 
carbon nanotube and by preparing the electrode in the other end. 



[0006] 

[Example] Next, the example of the present invention is explained. This 
example describes the case where the cathode using carbon nanotube is used for 
the needle of STM. 



Fig.l is an outline schematic diagram of STM which 
observes the sample 11 of an observed object. There is the carbon nanotube 
cathode 12 as a needle. The diameter of the thick part is 30nm and the 
diameter of the tip end is 2nm, and this carbon nanotube cathode 12 is a metallic 
conductor. The carbon 

nanotube cathode 12 is attached to the probe base 13 which consists of a metal, 
and the electrons are supplied t hrough this probe base 13. Copper is used for 
the probe base 13 in this example. The location of the probe base 13 is 
controlled by X, Y, Z direction control axes 14, 15, 16, respectively. The X, Y, Z 
direction control axes 14, 15, 16 are driven by the piezoelectric device, 
respectively. . 



[0007] 

When the sample 11 and the carbon nanotube cathode 12 are made to 
approach enough and an voltage is applied to the carbon nanotube cathode 12 
through the probe base 13, the electrons are emitted from the tip end of the 
carbon nanotube cathode 12, and the tunneling current flows between samples 11 
and the tip end. The X, Y direction control axes 14, 15 are moved using the 
piezoelectric devices, and the carbon nanotube cathode 12 is made to scan on the 
sample 11. At this time, the voltage of the piezoelectric device driving the Z 
direction control axis 16 is controlled so that the tunneling current may become 
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constant. Since this tunneling current is decided by the distance between the 
sample 11 and the carbon nanotube cathode 12, the fluctuation of the voltage of 
the piezoelectric device driving the Z direction control axis 16 reflects the shape of 
the sample surface with very high accuracy, and then the shape of the surface of 
sample 11 can be known precisely by plotting the voltage as the function of the 
location. 
[0008] 



In this example, since the tip portion of the needle of STM consists of carbon 
nanotube, it is very thin. 



Since STM aims usually at observing the structure of 



atomic level, it is very important that the tip portion of the needle is the same 
extent as atomic magnitude, in order to raise resolution up and to otain a clear 
image. As described above, the very minute cathode can be obtained by this 
example, and by using it as the needle of STM, it becomes possible to raise 
resolution up and to observe the atomic level with a clear image. Although in 
this example the cathode using carbon nanotube is used as the needle of STM, it 
can be used as the cathode of transistor, too. In this case, the big effectiveness is 
expectable also from ease of emitting of the electron originating in not only 
magnitude but a tip being thin. 
[0009] 

[Effect of the Invention] As explained above, in this invention, the cathode 
whose tip end is sharpened to atomic size is realized by using of carbon nanotube. 
For example, this carbon nanotube cathode can be used as a needle of STM, and 
it has the effectiveness that the resolution far exceeding the conventional needle is 
obtained. Moreover, if it is used as the cathode of transistor, it also has the 
effectiveness that the transistor which operates with smaller voltage than the 
conventional one is obtained. 
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[Brief Description of Drawings] 

[Fig.l] An outline schematic diagram of STM which observes the sample 11 
of an observed object. 

[Fig.2] An outline schematic diagram of STM. 
[Description of Notations] 



11 


Sample 


12 


Carbon nanotube cathode 


13 


Probe base 


14 


X direction control axis 


15 


Y direction control axis 


16 


Z direction control axis 


21 


Sample 


22 


Needle 


23 


X direction control axis 


24 


Y direction control axis 


25 


Z direction control axis 



[Fig.l] 




Y direction control axis 

jT-3-12 Carbon nanotube cathode 
I 1 ^-11 Sample 



[Fig.2] 




8 



